WY, 


Copper, Brass 
and 
Cupro - Nickel, 
for 
Power Stations 


CUPRO-NICKEL CONDEN- 
SER TUBES in 85/15, 
80/20, 70/30 mixtures. 


BRASS CONDENSER 
TUBES in all standard 
and special mixtures in- 
cluding 70/29/1 (Admiral. 
ty), 70/30 and “ Bemal.” 


COPPER TUBES up to 
24in. diameter. 


The Prevention of 
Corrosion-Erosion. 


Research in our Labora- 
tories has made it quite 
clear that this type of 
trouble is due to entangled 
air and gases in the cooling 
water. 


We can advise you how to 
obviate or get rid of this 
trouble; in the meantime 
“Yorkshire” Tubes are 
the best palliative, and 
where trouble is severe 


“ yorksh re" 


Cupro-Nickel Tubes 


are more economical than 
brass. 


Our Research Department 
has 20 years’ experience of 
Tube problems and will 
be pleased to investigate 
any Tube troubles, and 
suggest the remedy. 


ENGLAND. 
Telephones : 20031 Telegrams : ‘‘ Tubes, Leeds.” 
LONDON OFFICE: 53, New Broad Street, E.C.2. 


Contractors to British and Foreign Admiralties 
and all Government Departments. 
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E. N. MASON & SONS LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


> SAMPLE BOOK. 


September, 1927. 


Every one of 
these sample 
Books is of vital 
interest to the: 


ENGINEER 
DRAUGHTSMAN 
ARCHITECT 
& SURVEYOR. 


Because :— 


THEY REPRE- 

SENT THE BEST 

VALUE OBTAIN. 

ABLE AND ARE 

A SURE GUIDE 
TO ECONOMY 

WITH ENTIRE i 
SATISFACTION 


It will cost you nothing to investigate our claims, and 
we shall be happy to furnish copies of any of the 
above in which you are interested. We serve to 


satisfy and to establish a permanent goodwill. 


ARCLIGHT WORKS, COLCHESTER, ENGLAND. 


LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE-ON.-TYNE. 


No. 


” 


Tracing Cloths. 


Prepared Tracing Papers. 
Photo Printing Service. 
Parchment and_ Detail 
Papers. \ 
Cartridge Drawing Papers. i 
Fine Machine and Hand- = 
made Drawing Papers. 
Sectional Drawing Papers 
and Linen, 
Ferro Gallic Materials. ; 
Ferro Prussiate Materials. 
Architects and Surveyors i 
Ruled Papers. 
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De Laval Oil Purifiers 
They run at moderate speeds: The degree of purification 
remains constant until dirt space is completely filled. 

For further information apply to :— 
34, Grosvenor Road, London, S.W. 1. 

“Phone: Victoria 3618 and 0800 


"Grams: ‘* Alfalaval, Sowest, 


The Purifier shown in the adjoining 
photograph is connected up to an 
English Electric Turbo-Generator 
by means of the De Laval patented 
continuous by-pass system. 


By this method, all dirt, water and 
other impurities are extracted almost 
as soon as introduced. 


Oil consumption can be materially 
reduced as the following figures from 
a North Country Power Station will 
show :— 


Gallons of 
Year Oil used 
1921 561 
1922 664 
1923 Installed De Laval 288 
1924 276 


1925 Power Plant increased 298 


Can also be used for:— 
Diesel Lubricating and Fuel 
Oils, and Insulating Oils. 


Over 15,000 machines in use. 


ALL PARTS THE 
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S IN BLOCKMAKING - SO IN PHOTOGRAPHY 
(QUALITY HAS ALWAYS BEEN OUR FIRST OBJECTIVE. 
WE SEND OUR OWN PHOTOGRAPHERS TO 


UNITED KINGDOM 
AND THE CONTINENT. 
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MAKERS OF BETTER BLOCKS 


5. EAST HARDING STREET, E—.C.4. 


Telephone CENTRAL, 2602, 2603 & 2646 


All the Blocks used 
in the editorial section 
of this Journal were made 


by ALFRED CRASKE. 
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COVENTRY ORDNANCE Hj h S pee d 


Tools. 


: Twist Drills. 

: Milling Cutters. 
: Reamers. 

: Broaches. 

: Taps & Dies. 

: Boring Bars. 
: New Simplex Pneu- | 
: matic Riveting : 
: Hammers & Drilling : 
Machines. 


Manu facturers : 


The 


ENGLISH ELECTRIC 


Company Limited. 


ORDNANCE WORKS,COVENTRY 


Bakelite Sheets, Tubes, Spools, etc. 


for Oil-immersed Apparatus and Transformers. 


BAKELITE RESIN, VARNISH & MOULDING POWDER. 


EBONITE for etecrricat MANUFACTURERS 


Established 1868. 
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ATTWATER SONS, 


PRESTON, ENGLAND. 


Contractors to the British, American, French and Italian War Offices and Admiralties. 


Mica, Leatheroid, Vulcanized Fibre 


EMPIRE CLOTH AND TAPE 
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Resistered 


Cotton, Silk & Enamelled Wire 


The LONDON ELECTRIC WIRE C°. & SMITHS LT. 


‘Phone Clerkenwell 1388) Playhouse Yard, Golden Lane, London E.C.1 


MAKERS OF 
ELECTRIC WIRE 


FOR 


OVER 40 YEARS 


(‘Grams Electric London 


~ ENCLOSED CIRCUIT AIR COOLERS 


For the Safe Ventilation of Turbo-Alternators 


A plentiful and continuous supply of cool, clean, 
dry air is assured by means of this system of 
ventilation. All dirt and free moisture is 
excluded and risk of fire reduced to a minimum. 
Moreover, these Coolers are simple to operate, 
reliable in action, inexpensive and suitable for 


working in conjunction with 


alternator on the market. 


The following is a Small Selection of Names of Purchasers :— 


Aberdeen Corporation 
Auckland Power 


Adelaide Tramways 
Anglo Persian Oil Co. 
Brush Electric Co. 
Brown Boveri & Co. 
Barnsley Corporation 
Betteshanger Colliery 
Charing Cross Co. 
Cawnpore Power 
Station 
Consett Iron & 
0. 
Capetown Sub. Rlys. 
English Electric Co. 
Exeter Corporation 
Eastern Bengal Rlys. 


L.M. & 8. Rly. (Formby) 
Fulham Gas Light & 
Coke Co. 
General Electric Co. 
Hengelo Power Stn. 
(Holland) 
(L.N.E. Rly.) Imming- 
ham 
Leicester Corporation 
London Electric Supply 
Lancashire Dynamo & 
Motor Co. 
London Power Co. 
(Willesd’n) 
Marylebone Corpora- 
tion. 
Metrozolitan-Vickers 
Electrical Co. 


any make of 


New Shariston 
Collieries 
Oerlikon Ltd. 
Feterborough 
Corporation 
Fowell Duffryn 8.C. Co. 
Preston Corporation 
(Ribble Power 
Station) 
South Wales Power 
Station 
Stockport Corporation 
Utrecht Power Station 
Woolaich Corporation 
Worcester Corporation 
York Corporation 
Etc., Etc. 


PLEASE SEND FOR OUR LITERATURE. 


& Froude Ltd—Worcester— England 


J 


WIRE-¢ Tiade 
SMITH OF Mark 
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MANUFACTURING 
MILLING MACHINE 


The new No. 13 Manufacturing Milling Machine has 
been introduced to meet the demands of modern repetition 
production. 


Absolute rigidity is ensured by the twin over-arms and by 
the outer support to the knee, whilst an exceptionally wide 
range of speeds and feeds is obtainable by the transposition 
of change gears. 


“One lever controls the table.” 


September, 1927. t 


ABMTM 


17, GROSVENOR GDNS., 
LONDON, S.W.1. 
& BRANCHES. 
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When Better Machine Tools are built, A.B.M.T.M. will be the Builders. 


= 


TEX 


Queen’s House from Lincoln’s [nn 


All rights of republication, including translation of articles, are reserved. 
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This portrait and the biographical notice on the 
opposite page are reproduced by kind permission 
of the Editor, from Modern Transport’? of 
October Sth. 
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THE COMPANYS NEW 
CHAIRMAN, 


Mr. WILLIAM LIONEL HICHENs, 
who has been appointed chairman of 
The English Electric Company 
Limited, in succession to Mr. P. J. 
Pybus, was born in 1874 and educated 
at Winchester and New College, 
Oxford. Since 1910 he has been 
chairman of Cammell Laird and Co., 
Limited, of Sheffield, Birkenhead and 
Nottingham, which firm also holds the 
ordinary shares of the Midland Rail- 
way Carriage and Wagon Co., Limited, 
of Birmingham; while other industrial 
undertakings over which he presides as 
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chairman include the Leeds Forge Co., 
Limited, the Newlay Wheel Co., 
Limited, and the Tranmere Bay 
Development Co., Limited. In addi- 
tion, he is a director of the London 
Midland and Scottish Railway, the 
Dundalk, Newry and Greenore Rail- 
way, and the Power and Traction 
Finance Co., Limited. Mr. Hichens, 
who is a member of the Carnegie 
Trust, was at one time a member of 
the Egyptian Ministry of Finance, 
while other high offices which he has 
held include that of Colonial Treasurer 
of the Transvaal and Treasurer of the 
Inter-Colonial Council of the Trans- 
vaal and Orange River Colony. In 
1907 he went to India as a member of 
the Koyal Commission on Decentra- 
lisation, and in 1909 was chairman of 
a board of inquiry into the Public 
Service of Southern Rhodesia. In 
1915 he visited Canada on behalf of 
the Ministry of Munitions, while he 
has also been a member of several 
reconstruction committees and of the 
Advisory Council to the Ministry of 
Munitions on the Disposal of Surplus 
Government Property. Other bodies 
to which he has been elected include 
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the Advisory Committee to the Depart- 
ment of Overseas Trade, the Industrial 
Fatigue Research Board, and the Con- 
sultative Council of the Import and 
Export Restrictions Department of 
the Board of Trade. Mr. Hichens 
has at all times been considerably 
interested in the labour problem and 
is the author of treatises relating to 
the functions of the Government in 
relation to industry, the new spirit in 
industrial relations and the problems 
of modern industry. He _ has also 
delivered lectures on the labour 
question before many of the learned 
societies. 


For over twenty years the Company’s 
Stafford Works have been actively en- 
gaged in the manufacture of switchgear, 
and during this period have dealt with 
all classes of gear from small panels 
for the control of single motors, to the 
complete equipment for the control of 
the largest Power Stations. The 
Switchgear Shops in the Works have 
been greatly extended in recent years 
and now form one of the main sections 
of the Works. 

From the commencement the Works 
have taken a prominent part in all the 
successive developments in switchgear 
manufacture and design that have pro- 
ceeded pari passu with the increased 
outputs and voltages of electric generat- 
ing plant, and perhaps the most notable 
of recent developments has been in con- 
nection with switchgear of the outdoor 
type. The outdoor type originated in 


the extended use of pressures of 
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100,000 volts and more, as it then 
became manifest that the large clear- 


ances required round the busbars 
and connections necessitated unduly 
spacious and expensive buildings. 


The experience gained with this extra- 
high-tension gear, subject as it was 
to all the vicissitudes of weather, 
then led to the use of the outdoor 
type of gear for lower voltages. In 
this case also, the saving in buildings 
was shown to be considerable, and, 
further, it was found that the outdoor 
arrangement gave much greater flexi- 
bility in the way of alterations and 
extensions when these were required. 
The kiosk type of outdoor equipment 
has also greatly extended its scope, and 
has shown itself to be a cheap and 
eminently satisfactory arrangement for 
the housing of transformers for local 
distribution, together with the switch- 
gear that controls them. 

The use of outdoor switchgear has 
been one of the most remarkable de- 
velopments in recent times, and we 
believe that the article on this subject 
that we publish in this issue of the 
Journal will be read with general 
interest. 

A further article deals with the latest 
forms of current and potential trans- 
formers manufactured by the Company. 
On reading this article it will be realised 
that a large number of standard types 
are necessary to meet the varied re- 
quirements of the different classes of 
plant, and, as is the case with so many 
lines of manufacture, a high degree of 
specialisation is necessary if the best 
results are to be obtained. , 
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Switchgear Manufacture at 


Fic. 4. 


The Stafford Works of the Company form 
a well known landmark on the main line of 
the London, Midland & Scottish Railway, and 
are situated on a site of about 56 acres on 
the outskirts of the town, which, it will be 
recalled, lies in a rural distriet approximately 
and 
which 


midway between the ‘* Black Country 
the ‘* Potteries.’’ The 
cover an area of 7 aeres, are divided into two 


Workshops, 


main sections that radiate from the testing 
and the dispatching departments, which are 
thus common to both. One section is oceu- 


pied in the production of heavy electrical 
machinery and transformers, and the other in 
the manufacture of switehgear. 

The Switehgear Department has been con- 
siderably extended during recent years, and 
now has a floor space of about 100,000 sq. ft. 
devoted solely to the designing, fabrication and 
assembly of this class of apparatus; this area is 
the Pattern Shop, 
Smithies, Tool Shop, Testing and Despatch 


exclusive of Foundry, 


Departments, which serve the whole works. 


View IN THE DET 


Stattord Works. 


a 


AIL ASSEMBLY SHop, 


Switchgear has been produced here for over 
twenty vears, and the latest extensions give 
facilities for the largest sizes of apparatus re- 
quired for the control of modern super power 
transmission 


stations and extra-high- tension 


lines. It is interesting to record that some of 
the earliest installations are still in operation 
and giving full satisfaetion, in spite of the fact 
that the systems on which they are used have 
grown far beyond the rated capacity of the 
apparatus, and, in particular, the Oil Cireuit- 
Breakers of the Company have an unexcelled 
record for reliable performance under the most 
severe emergency conditions. 

The general layout of the Works is well 
arranged for the economical routing of the pro- 
cesses, from the raw material to the assembly 
and dispatch of the finished apparatus. In the 
eastern block of buildings there are a number 
of bays with the Main Stores running trans- 
versely across them at the northern end. On 
the extreme east is the Machine Shop with 
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6 
the Special Finish Annexe at one end; 
parallel fo this are the Detail Assembly and 
Small Switehboard Assembly Shops. On 


the western side is a larger and higher block 
which forms the Large Assembly Shop lead- 
ing at its northern end into the Dispatch De- 
partment, 

In the Detail Assembly Shop, Fig. 1, 


assembled complete apparatus of the smaller 


are 


kinds and the main components of larger ap- 
paratus. To facilitate this work there is a 
calibration, flashing and general testing seetion 
attached to the shop so that individual iup- 
paratus can be adjusted and checked before 
final assembly or transference to the finished 
goods store which is adjacent. 

The Large Assembly Shop, illustrated in 
Figs. 2 and 4, is a well-lighted bay 370 ft. long 
and 23 ft. high to the erane rail, and in it are 
erected slate switehboards, steel structures, oil 


breakers and similar liurge control gear. 
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The Special Finish Annexe is a busy and 
important auxiliary to the main processes, and 
is equipped for pluting with tin, copper, zine, 
silver and nickel, for spray coating and for stove 
enamelling. The newest methods of treat- 
ment are continually being investigated, and, 
recently, experimental work has been carried 
out on plating with chromium and cadmium, 
Finish plays a highly important part in switeh- 
gear of all kinds, for while protection from 


corrosion, adaptability to cleanliness, and 
good appearance are valuable features, there 
the 


Peltier effeet which ean be largely diminished 


are also certain problems arising from 


or eliminated by suitably plating contact sur- 
faces whieh for one reason or another are of 
different 


metals. Considerable use is now 


made of cellulose paint in various colours for 
interior of 


spray coating the relay casings, 


ete.: it is quick drying, durable and of good 


appearance, 


VIEW IN THE LARGE ASSEMBLY Suopr, , 
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Fic. 4 Tue Dispatrcu ENp or THE LARGE ASSEMBLY SHOP. 


— 
*, SWITCHBOARD FOR A SouTH AMERICAN RAILWAY 
Fic 3. 1500-voit, D.C. Switrcuro. 
| 
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: Fic. 6. 10,000-Vo_r D.C, SWITCHBOARD FOR A a 
Fic, 5. 20,500-Vorr Catiwork at Eatin. MARCONT WIRELESS INSTALLATION, 


Fic. 7. Sixty 2,600 DistriBUTION CUBICLES AT EALING, 


| 
= 


THE ENGLISH ELECTRIC JOURNAL 


Testing of complete apparatus, where 
possible in conjunction with the plant it has 
to eontrol, out in the Main Test 
Bay of the Works, and it is of the greatest 
possible advantage to the Company and to its 
customers to be able, in this way, to make 
working tests on the 


is carried 


complete equipment. 
Fig. 8 shows a portion of the Test Bay oceu- 
pied by sub-station 
equipment, consisting of three 750 kW. rotary 
converters with their E.H.T. Switchgear and 
Transformers, and the automatie control and 


The 


a complete automatic 


boards. design, manufaeture and 


gallery in the Transformer Department of the 
Works, and the decision to manufacture this 
class of accessory apparatus has been wholly 
justified by the saving in time of delivery, the 
flexibility in design and the high standard of 
quality that have resulted. 

The greater part of the switchgear produced 
at Stafford Works is for the control of alter- 
nating-current systems, and a complete range 
of the necessary apparatus can be supplied for 
For 
pressures of 44,000 volts and above, the ap- 


working pressures up to 220,000 volts. 


paratus is usually installed out of doors, and 


Fic 8. 


testing of machines, transformers and control 
gear go hand in hand, with the result that any 
developments in one can be followed closely 
by suitable developments in the associated 
plant or apparatus. 

On A.C. systems the operation of plant and 
control gear depends in a peculiar degree on 
auxiliary transformers of various types, and 
the importance of this apparatus is reflected 
in the separate article on page 22 of — this 
issue, entitled ‘‘ Instrument Transformers.”’ 
The manufacture of the wide variety of types 
and sizes required is carried on in a special 


COMPLETE AUTOMATIC SUBSTATION ON TEST. 


installations of this character are dealt with 
Of the very 
large number of installations supplied for 
operation at from 20,000 to 33,000 volts, a 


recent example is illustrated in Figs. 5 and 7, 


in a separate article on page 11. 


which show the bulk supply substation of the 
Ealing Corporation, probably the largest of its 
kind so far set to work in this country. Fig. 5 
shows the 20,500-volt, 3-phase cellwork and 
Fig. 7 a number of 2,600-volt, 2-phase distri- 
bution cubicles, in which there are some 60 


single-phase equipments in all. 
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Fic. 9. TrRUuCK-TypPE SWITCHBOARD WITH OIL BREAKERS OF LARGE RUPTURING CAPACITY. 


D.C. boards have recently developed in the 
dircetion of high-voltage control for traction 
purposes and for radio transmission. Fig. 3 
illustrates a typical switchboard for a 1,500- 
railway system, and Fig. 6 shows 
a board for 10,000-velt working in con- 
nection with wireless. In general, boards of 
this class are constructed on the ‘* dead 
front ’’ principle with the H.T. apparatus out 
of the operator’s reach, and this principle has 
been extended in the board illustrated in 
Fig. 6 to the extent of mounting all the ap- 
paratus on porcelain insulators and _ placing 
the instruments behind glass panels. 

Following the progressive policy of the 
Company, a large number of new designs have 
been brought out in the last few years, but 


space does not permit us to describe these at 
any length. Among the more important de- 
velopments, there have been considerable 
additions to the lines of outdoor switchgear, 
automatic substations, high-speed circuit- 
breakers, oil-immersed switch fuses, flame- 
proof mining pillars, and an extensiun to the 
line of truck type switehgear. An example of 
the Company's large truck units is shown in 
Fig. 9. 


Having shown quite briefly the facilities for 
the manufacture of switchgear at Stafford 
Works, it remains only to be stated that the 
Company’s products cover every phase of the 
switchgear field, and are to be found in ser- 
vice in all parts of the world. 
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Outdoor Substations. 


Fic. 1. 9,000-kVA, 22,000-Vo_LT OuTDOOR SUBSTATION UNDER CONSTRUCTION IN GREECE. 


The employment of outdoor switchgear for 
large substations and switching centres is of 
comparatively recent growth—since, in fact, 
the commercial use of voltages of the order of 
110 and 220 kV. At these voltages, the large 
clearances and headroom necessary make en- 
closing buildings unwieldy and expensive. For 
some time the use of outdoor substations was 
confined to overhead lines operating at very 
high pressures, and it was not considered worth 
while installing outdoor gear for pressures of 
33,000 volts and under. Recently, however, 
the advantages of outdoor substations and the 
high price of building material and labour have 
led to the extension of outdoor installations 
down to quite low voltages. Fig. 1 shows a 
22,000-volt substation with oil-break switch- 
gear under construction in Greece; further 
examples are given later in the form of lay- 
out sketches. 

For substations of small to medium size 
stepping down from say 6,000 or 11,000-volt 
mains, sheet steel transformer kiosks of the 
type illustrated in Fig. 4, page 13, have re- 
cently gained rapidly in favour. This type of 


substation is particularly useful at the present 
time in this country, when all districts are 
insisting not only upon a supply of electricity, 
but on the quick delivery of a cheap supply. 
In such cases it is an advantage to be able to 
run a ring main through several such districts 
and to take a number of complete factory built 
substation kiosks and instal them at suitable 
points on the ring. The special features of 
‘* English Electric ’’ kiosk substations are 
deseribed in the Company's publication 838. 
Small pole-type substations consisting of a 
small power transformer connected to the line 
through an oil-immersed circuit-breaker, oil- 
immersed switch-fuse or simply through air- 
break switches and fuses, have come into use, 
solely on economie grounds, for individual sup- 
ply along the run of a power transmission line. 
A typical instance is illustrated in Fig. 2. 
In such eases, the very cheapest form of sub- 
station must be provided, otherwise the cost 
of the necessary switchgear and transformer 
would prohibit a supply being given at all. 
Fig. 38 shows a semi-outdoor switching centre, 
comprising oil-immersed switch-fuses situated 
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at the foot of a transmission line pole. 

The application of portable substations is 
rather special. For example, in brick fields 
and similar works covering a comparatively 
large area, it is an advantage to be able to 
follow up the work with the necessary 
machinery and step-down plant. The switch- 
gear for this purpose may be either entirely 
of the outdoor type mounted on a framework 
on a truck, or it may be of the indoor type en- 
closed in a weatherproof kiosk, which, again, 
is mounted on wheels or a transportable plat- 
form. An example of the Jatter is shown in 
Fig. 5. 

Another type of small substation employing 
the oil-immersed switch-fuse is shown in Fig. 
6. This is practically a movable substation, 


F1G. 3. PROTECTED OUTDOOR SWITCHING CENTRE EQUIPPED 


WITH OIL-iMMERSED SWITCH FUSES. (CHESTER). 
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Fic, 2, TYPICAL POLE-TYPE SUBSTATION, 
(WREXHAM). 
us the sealing end attached to the trans- 
former is of a special split type, having 
copper connecting links, which may be re- 
moved when the cable portion is unbolted. 
The oil switeh-fuse and the transformer 
may then be moved separately to a fresh 
site, and the transformer sealing end re- 
assembled without having disturbed any ot 
the cable bonding. 
OvuTpoor APPARATUS. 

Fundamentally, there is very little 
difference between indoor and outdoor gear 
design except for the watershed insulators 
and general weatherproofing of joints. In 
practice, however, practically all switch- 
gear for 66,000 volts and above is made in 
the outdoor pattern only. 

A single-phase oil-immersed circuit 
breaker unit for 110 kV is shown in Fig. 7 
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Fic. 


Fic, 4. TypicaL ENGLISH ELECTRIC’ 


| 


SIDE OF A TRANSPORTABLE 
SUBSTATION, 


KIOSK-TYPE TRANSFORMER SUBSTATION, 


J 


#000 VOLTS 


Fic. 6. SMALL SUBSTATION SUITABLE FOR 


TRANSFERRING 


FROM POINT TO POINT, 
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110,000-VoLT SINGLE PHASE OIL-IMMERSED CIRCUIT-BREAKER, 
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opposite. As will be seen, these breakers 
stand on the ground, and access is obtained 
to the interior through a manhole in the top 
plate. For lower voltages, the breakers are 
mounted on a framework, sufficiently high 
above the ground to enable the oil tanks to be 
lowered, tank-lowering mechanism being  in- 
corporated in the structure. 

Two designs of English Eleetrie oil eir- 
cuit breakers for 50 to 132 kV are available, 
having different rupturing capacities. The 
design for the smaller rupturing capacity is a 
2-break switch, having wedge contacts for both 
the main and sparking contacts. These are of 
the self-aligning spring finger type, of substan- 
tial design, arranged expressly to deal with 
heavy areing without distortion. Both fixed 
und moving portions of the arcing contacts are 
readily replaceable, as will be seen from Fig. 8, 


9. 5070 132kV OIL BREAKER. FOUR-BREAK 
SwitcH, 


Fic. 8. 50 10 132kV OtL BREAKER. TWO-BREAK 
SWITCH. 

which shows the contacts with one corona 
shield removed. 

In the 4-break switch, the main contacts, 
of the laminated brush type, bridge directly 
between contacts fixed to the bottom of the 
insulator bushings. The break, however, 
takes place on an entirely different set of con- 
tacts of the finger type, four contacts in series 
per phase, whereby a very high speed of break 
is obtained without the attendant disadvantage 
of high plunger bar velocity. The contact 
system is illustrated in Fig. 9, which shows 
a view with two of the corona shields removed. 
The arcing contacts are arranged to break one 
after the other, the timing of the break being 
such that one of the four contacts will com- 
mence to open at the most favourable moment 
for rupturing the circuit, i.e., when the cur- 
ent is passing through its zero value. 

Another important feature on these breakers 
is the incorporation of the ‘* English Elee- 
tric ’’ patented combination of expansion 


chamber and baffle vents. A limited air 
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space immediately above the oil level acts as 
a cushion for the shock on opening circuit. 
This air space connects through perforated 
metal plates with an expansion chamber, 
which also accommodates the operating 
mechanism. The perforated metal plates tend 
to prevent oil throwing; at the same time, 
they allow the pressure in the main tank to be 
relieved and they also reduce the temperature 
and velocity of any oil and gas which is forced 
into the expansion chamber. From there, any 
oil thrown up drains back into the main tank, 
whilst the gas pressure is relieved by vent 
pipes leading from the expansion chamber and 
designed, of course, to prevent ingress. of 
moisture, 

The terminal bushings are of the condenser 
type, protected by porcelain rain shields on 
the outside. Two bushing type current trans- 
formers per phase can be accommodated, one 
on exch of the terminal bushings. The dome- 
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Fic. 10. Moror-DRIVEN OPERATING MECHANISM 
FOR 110,000-voLT BREAKER, 
shaped top plate is of cast steel 
and supports the whole of the ter- 
minal bushings, contacts and operat- 
ing mechanism, and the oil tank. The 
tanks are circular and are constructed 
of heavy boiler plate; they are pro- 
vided with insulated linings spaced 
apart from the tank to ensure a layer 
of quiescent oil around the tank walls 
under all conditions. The operating 
mechanism is contained in the en- 
closure which forms part of the ex- 
pansion chamber casting, and re- 
movable covers give access for in- 
spection or adjustment. Operation is 
by solenoid or motor, the latter being 
run from either an A.C. or a D.C. 
supply. If no auxiliary supply is 
available, the motor operating gear 
can be worked from a 12-volt portable 
battery, which ean be removed periodi- 


Fic. 11. Ovrpoor Om Circuit BREAKER FOR 66,000 voits, Cally for charging. It is possible even 


5 
| 
« 
} a 
I, 
~ Fe . 
4 


THE ENGLISH ELECTRIC JOURNAL 


Fic, 12. Ourpoor OIL CiRCUIT-BREAKER FOR 

22,000 voLts. 
to dispense with this battery for unattended 
substations where the operator is provided 
with a ear, arrangements being made to plug 
in the ear battery for closing the switches. 
A D.C. motor operating pedestal can be seen 
in Fig. 10. 

Up to and ineluding the 66,000-volt size, 
oil breakers are mounted on substantial frame- 
work, with self-contained tank lowering 
mechanism, as illustrated in Fig. 11, whieh 
shows a triple-pole breaker of the 4-break type 
under construction. Fig. 12 shows a typical 
3-phase breaker for 22 kV. with the solenoid 
operating mechanism a_ self-contained 
weatherproof enclosure fixed to the structure. 

Air-break switches of the horn-break type 
are sometimes used in place of oil cireuit- 
breakers, and occasionally are used to bridge 
the breakers so that the latter can be isolated 
and inspected without interrupting the supply. 


Descriptions of these switches up to 220 kV.., 
and also of the isolating switches, are given in 
the Company's publications 807 and 838. For 
the higher voltages, the problem is mainly one 
of additional insulation. 

Current and potential transformers are 
dealt with in a separate article in this issue. 
For 44 kV. and over, bushing type current 
transformers are generally used. Present day 
practice at these pressures tends towards the 
elimination of expensive potential transformers 
by metering entirely on the L.T. system. 

Oil-immersed switech-fuses are frequently 
used in place of oil cireuit-breakers in con- 
nection with kiosks and small outdoor sub- 
stations. The popularity of this class of 
apparatus is steadily increasing, especially 
since the production of The English Eleetrie 
Company’s design complying with the Home 


Fic. 13. ENGLISH OLL-IMMERSED 
SwitcH Fuse. 
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Office regulations and having a definite rup- 
turing capacity of 50,000 kVA. For this ap- 
paratus the fuses are held between spring- 
loaded plungers attached to contacts mounted 
on insulators supported by the hinged lid, as 
shown in Fig. 18. When the lid is closed, the 
contacts engage with fixed contacts in the 
bottom of the tank. The whole is im- 
mersed oil contained in a _— sub- 
stantial cast steel tank. <An_ interlocked 
isolating device, the handle of which is shown 
in Fig. 14, ensures that the circuit must be 
opened before the lid is opened, and that the 
lid must be closed before the switch is closed. 
A further attachment, especially suitable for 
outdoor use, is an automatie protection cover, 
which, when the lid of the switch is opened, 
automatically covers the oil tank containing 
the fixed contacts. An illustration of the 


Fic. 18. OuTpoor 33,000-voLT O1L Swircu Fuses SHOWING 


AUTOMATIC PROTECTION COVERS. 
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Fic. 14. Ot. SwircH FUSE SHOWING INTER- 
LOCKED ISOLATING HANDLE, 


33,000-volt oil-immersed switch fuse 
for outdoor working is given in Fig. 15. 
Special arrangements are made in this 
case to enable the contacts on either 
side of the switch fuse to be brought 
out to connections through the lid 
when the fuse portions are removed. 
This provides ready access to the cable 
or transmission line for testing or 
earthing purposes. 


Ovurpoor Supstation Layouts. 

Fig. 16 shows a 11O kV. station with 
duplicate busbars. This controls four 
step-up transformer banks, each bank 
directly coupled to a 10,000 kW. alter- 
nator, and also four feeders, each with 
lightning arrester gear. The oil cir- 
cuit-breakers used are as illustrated in 
Fig. 7. The duplicate busbars have 
an oil circuit-breaker busbar coupling 
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Fic. 17. Lay-ouT or 22,000-voLT SuBSTATION IN GREECE. 


| 
Fic. 18. 6,600/33,000-voLT, 8,700-kW SuBSTATION AT PRESTON. 
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equipment and the whole station is arranged to 
facilitate extensions. It will be observed that 
the feeder oil cireuit-breakers are bridged by 
isolating switches, so that the breakers them- 
selves can be isolated for inspection without 
interrupting the supply. The isolating switches 
used are of the 3-phase rotating centre-pillar 
type, mechanically operated from handles 
fixed on the upright supports. 

A simpler form of substation is shown in 
Fig. 19, which illustrates the layout of one of 
several substations for both 50 and 110 kV. 
on a large hydro-electrie scheme in New 
Zealand. Here again, the oil circuit- 
breakers are bridged by air-break switches in 
a similar manner to that shown in Fig. 16, 
but in this case the switches are of the horn- 
break type, mechanically operated from  be- 
low. The step-down transformers are con- 
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nected in delta on the high-tension side, which 
necessitated a cantilever projection, as shown, 
to support the connections which could not 
run direct. The scheme of connections at this 
point is shown in the smaller sketch. 

A substation layout for 22,000 volts is shown 
in Fig. 17. In this example, the incoming 
feeder is protected by Beard-Hunter gear, and 
the protective current transformer and meter- 
ing current transformer for each phase are 
contained in one ease. From the busbars, 
two feeders lead away through oil  cireuit- 
breaker equipments. One feeds a step-down 
transformer for local power supply, the con- 
nections to this transformer being guided by 
the supporting insulators on the extreme right ; 
the other feeds a rotary converter for traction 
supply, and the connections for this pass up 
to the inverted cable box shown above the cur- 

rent transformers on the right, the 
cable passing thence to an adjacent 
building. The oil circuit-breakers 
used in this substation are illus- 
trated in Fig. 12. 

As an example of outdoor  sub- 
stations provided with  air-break 
switches, reference may be made to 
Fig. 18 which shows one of the 
6,600/33,000-volt installations pro- 
vided at each end of the inter- 
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Fic. 19. Lay-our or 50kV. AND 110kV. SUBSTATIONS. 


(NEW ZEALAND). 


connecting lines between the Ribble 
power-station at Preston and those 
at Blackburn and Blackpool. 

It will be seen that there are 
many types of outdoor sub- 
station, of which only typical ex- 
amples are given above. The field 
for this class of apparatus is practi- 
cally unlimited, and the increasing 
use of outdoor switching, even down 
to comparatively low pressures, 
shows that the possibilities of this 
gear and the saving effected in 
buildings are being realised and 
exploited to an increasing extent. 
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Instrument Transformers. 


The purpose of this article is to outline the 
theory of Instrument Transformers, and to 
describe some of the types made by The Eng- 
lish Electrie Company Limited, at Stafford 
Works. 

Instrument Transformers are essential for 
the measurement and control of alternating 
current above about 550 volts or about 200 
amperes. They render it possible to use 
standard meters and relays for any voltage or 
current. The requirements to be _ fulfilled, 
arranged in order of importance, are as follows: 

(1) High Breakdown Value. 
(2) Accuraey. 
(8) Economy of space and material. 

The insulation between the high-tension and 
low-tension windings of these transformers is 
submitted to very severe pressure tests. 
Having withstood these tests, the transformer 
insulation ean be relied on as a barrier protect- 
ing the control gear or‘instruments from line 
pressure. 

It is important to realise that the rating of 
an instrument transformer is not a thermal 
rating, but an accuracy rating. A 15 V.A. 
Current Transformer is one which gives its 
specified accuracy when the secondary is closed 
through an impedance of not more than 6 ohm. 
For full load at 15 V.A. the secondary pressure 
is 3 volts at 5 amps. A 50 V.A. Potential 
Transformer is one which gives its specified 
accuracy when the secondary is closed through 
an impedance of not less than 242 ohms. The 
secondary current at 50 V.A. loading is °455 
amp. at 110 volts. 

CurRENT TRANSFORMERS. 

Fig. 1 is a vector diagram of a current trans- 
former of 1/1 ratio at 5 amps. secondary cur- 
rent and 15 V.A. load for two cases. In 
ease I the secondary load impedance is equal 
to ‘6 ohm non-inductive. The secondary cur- 
rent I, = OA is taken as the vector of refer- 
ence. OB is the secondary induced voltage 
and is the vector sum of the external voltage 


I.R and the resistance and reactive drops in 
the secondary winding. OC is the exciting 
current, the components of which are the mag- 
netising current and the iron loss current. In 
Fig. 1, OC is drawn 15 to 30 times larger than 
it would be for an actual transformer. Its 
magnetising current component is at right 
angles to OB. The primary current I, is now 
equal to AC; i.e., to the veetor sum of the 
reversed secondary current AO and the exciting 
eurrent OC. The angle OAC is the phase 
error of the transformer, and the ratio error is 
I,--I, 
I x 100. 


1 
In case IL (shown chain dotted) the 
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Fic, 1. Vector DIAGRAM FOR CURRENT 
TRANSFORMER, 
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| y' values of the ratio and phase errors 
-3% 

Je ‘an easily be shown on the diagram 
as follows :— 


—I, 
x 100=ap- 


I 
(1) Ratio error . 
1 


proximately 

“OAX-O1’ 
divided into units, each of which is 
equal to OAX-O1, it is then a 
scale from which the percentage 


i.e., if OY is 


error can be read off directly. 


70 load 
(2) Similarly, as the phase error 
o% is .approximately equal te 
ae) OA’; 


860° DC 

~ OAX -0175 
divided into units equal to OA X 
ttt -0175, and is then a scale from 
which the phase error in degrees can 
be read off directly. 


degrees, OX can be 


Rario ERROR 1-67 % COMPENSATION 


60° 90° 120 


ERROR 


Fic, 2, ERROR DIAGRAM FOR CURRENT TRANSFORMER. 


secondary load impedance is again *6 ohm, but 
the phase angle of the secondary load , = 60°. 
The primary current is now OC! and it is seen 
that for induetive secondary loads the phase 
error is smaller, but the ratio error greater than 
for non-inductive loads. 

As the actual magnitude of OD and DC is 
very small compared to OA, approximate 


x< 


Fig. 2 gives the upper part only 
of a diagram of this kind for 6, =0° 
and 60° respectively, at 1/1, 1/2, 
1/5 and 1/10 loads, i.e., for 
secondary currents of 5, 24, 1 and ‘5 amps. 
The points C and C! for 1/1 load (5 amps.) are 
as in Fig. 1. To enable the use of the same 
error scales at all loads, OA is taken to re- 
present the secondary current in each case; 
i.e., the ampere seale is altered in inverse pro- 
portion to the load. If the exciting current 
were proportional to the load, then obviously 


Fic. 3. Open-Type CURRENT TRANSFORMERS FOR 49, 5 & 15 V.A, 
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its vector would always coin- 
cide with OC (or OC’) and the 
errors would not vary with the 
secondary current. As, how- 
ever, the permeability of the 
core decreases at low loads, 
the errors inerease. Seale Y 
shows the ratio errors on an 
uncompensated — transformer. 
Seale Y' shows them on a 
transformer on which the 
ratio is adjusted by turn 
compensation. The diagram 
shows clearly the relationship between load, 
exciting current, load power factor and 
accuracy. 

The different classes of insulation used in 
‘* English Electric ’’ designs are shown in the 
following table :— 


Type of Current | Line Voltage 


Transformer. up to 
Press-board Air-Cooled 660 

Taped Varnished 
Cloth, reinforced 

by leatheroid tubes Air-Cooled 6,600 

Air-Cooled 11,000 

Porcelain Compound- Filled 38,000 

Oil-Immersed 38,000 

Air-Cooled 11,000 

Bakelised Paper Compound- Filled 33,000 

Oil-Immersed 66,000 


Air-Insulated 


au Outdoor type 


Any Voltage 

Shell’? and Core types of 
transformer are made. The laminations are 
punched from sheets of high-grade silicon 
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Fic. 5. 11,000 CompouNb-FILLED CURRENT TRANSFORMER, 


steel. To obtain the degree of accuracy re- 
quired, the working flux densities are less than 
one-tenth of those used on power trans- 
formers. 

About 75 per cent. of the current trans- 
formers made are of the open or air-cooled 
type. The insulation is protected from ab- 
sorption of moisture by thorough drying in 
vacuum, followed by impregnation and baking. 
The compactness of the transformers of this 
class renders them specially suitable for truck- 
type switehgear. 

Kig. 3 shows a group of open-type trans- 
formers for 40 V.A., 5 V.A. and 15 V.A. re- 
spectively. The 40 V.A. and 15 V.A. types 
are used up to 6,600 volts; their performance 
is in accordance with the British Standard 
Specification No. 81-1919. Fig. 4 opposite — is 
« reproduction of an N.P.L. Report on a 
duplieate of the 40 V.A. transformer illus- 
trated. Transformers of this rating are usually 
put in where special accuracy of watt-hour 
meters at low loads is required. The 5 V.A. 
type is for use up to 8,800 volts on circuits 
in which phase error is unimportant. 

Standard 15 V.A. and 40 V.A. compound- 
filled current transformers are duplicates of the 
open types as regards electrical design and 
performance. They are metal clad, provided 
with porcelain insulators, and are built for 
6,600 and 11,000 volts. They are specially 
suitable for tropical climates, or for situations 
where the transformer is exposed to condensa- 
tion or to accumulation of dust. Fig. 5 shows 


tq 


26 
a 40 V.A. transformer of this class for 11,000 
volts. 

Figure 6 shows a current transformer with- 
out primary for 3,000/5 amps. The punchings 
forming the magnetic circuit are jointless. 
The effect of open-circuiting a standard cur- 
this 
The full primary ampere-turns now 


rent transformer of ratio is worth 


noting. 


act as a magnetomotive foree on the iron 
circuit, so that the core is saturated. The 
secondary voltage rises to about 180 volts at 
50 eveles. If the transformer ratio were 


3,000, 2°5 amps., then the open-cireuit secon- 
The tem- 


perature rise due to the iron loss at saturation 


dary voltage would be 860 volts. 


is not sufficient to damage the transformer. 
The accuracy of the transformer is hardly 
affeeted. 

Figs. 7 current 


and 8 show 


transformers for $8,000 and 


indoor-type 
35,000 volts. re- 
spectively. Both are compound-filled, poree- 
Over 140 of the 


former type were supplied recently on a 


lain-insulated, wound types. 


large overseas contract. The  85,000-volt 
type is for ‘* through wall ’? mounting. It has 
one primary winding only but two separate 


of 


One of these is used for 


magnetic cireuits, each which has a 
secondary winding. 
metering only, and the other for protective 
relays. 

In Figure 10 22,000-volt, weatherproof 
unit consisting of one metering and one pro 


tective transformer is shown withdrawn from 


its ense. The Metering Transformer is 
mounted nearer the cover and is a standard 
ivpe. performance is shown on_ the 
N.P.1L.. report reproduced in the Company's 
Publication No. 580. The primary coil is 
insulated by poreelain bobbins and press- 
board barriers. The protective trans- 
former is deseribed page 28. All 


the L.T. 


with sliding cover. 


leads are taken to a terminal box 
The top of the 2.7. 
Bushing is sealed by a_ porcelain cap, noi 
shown in the illustration. 

Fig. 11 is a weatherproof high-voltage cur- 
rent transformer on which air is the insulating 


Fic 
medium. 
this type is cheaper than the oil-immersed type 
for voltages over 40,000, 
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. 6. 30005 AMPERE CURRENT TRANSFORMER, 


voltage. 


7. $8,000-VoLtt CompouNb- 


FILLED TRANSFORMER. 


Though of comparatively large size, 


It ean be built 


PROTECTIVE 


TRANSFORMERS, 
A eonsider- 


able 
special 
have been 
for 


feeder protective 
systems of both 


the split condue- 


tor and 


balanced voltage 


tvpes. 


shows single- 


turn 
duetor 
tive 


for amperes 
per half-condue- 
11,000 


tor and 


volts, in 


‘luminium alloy 


case 
“through 
mounting. 


number of 
current 
transtormers 
built 
differential 


split-con- 
protec- 
transformer 


for 
wall”’ 


Pre 
6 
the 
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Fic. 8. 35,000-VoLr CompouNb- 
FILLED “THROUGH - WALL” 
CURRENT TRANSFORMER, 


Fic. 9. SINGLE-TurRN Spuit- 
CONDUCTOR PROTECTIVE TRANS- 


FORMER, “* THrouGH - WALL’ 
TYPE. 


Fic, 10, 22,000-VoLT WEATHERPROOF METERING AND hig. 14. Ourpook CURRENT TRANSFORMER FOR 
PROTECTIVE TRANSFORMER (OUT OF CASE). THE HIGHestT VOLTAGES, 
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28 
smaller type for 6,600 volts and 100 
amperes per half-conductor is made in the 


standard 46 V.A. iron shown in 


Occasionally the multiple turn high 


cast case 
Fig. 5. 
reactance type is supplied for existing feeders 
not fitted with split switches. Sensitive re- 
lays taking *5 V.A. on minimum setting are 
used for split-conduetor protection, and the 
minimum fault current necessary to trip is 
about 25 amperes. 

The lower of the two transformers shown in 
Fig. 10 is a balaneed-voltage transformer of 
the type used for the Beard-Hunter sheathed 
pilot system of feeder protection. |The mag- 
netic cireuit is formed of ring punchings with 


an air-gap. The transformer has a straight 


line characteristic up to very high over- 
loads. Very sensitive relays operating at 


about ‘02 V.A. are used, and the standard 
minimum fault setting is 70 amperes. The 
standard 11,000-volt transformer of this type 
is supplied in a case which is identical with 
that shown on Fig. 9. 

Merz-Price 


balanéed-voltage protective 
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transformers with drooping characteristic aro 
similar in general construction and outward 


appearance to the above, but have a much 
smaller air-gap. They are used with un- 


sereened pilot wires, and are only supplied 
where ithe feeder is not exposed to high over- 
toads caused by external faults, and where a 
fairly high fault setting is permissible. 

Any 
Electric current transformer can be used for 
Merz-Price circulating-current protection, 

PoreNTIAL ‘TRANSFORMERS, 


of the standard types of ‘ English 


Fig. 12 shows the upper part of a vector 
diagram for a potential transformer of 1/1 
ratio, constructed on similar lines to the cur- 
The 
veetor of reference OA (not shown) is in the 


rent transformer diagrams given above. 


now re- 


OH is the voltage drop at no load (i.e., trans- 


same position as in Fig. 1. It 
presents the secondary induced © voltage 


former on open cireuit). It is equal to the 
vector sum of OF and FH, where OF = 


citing current x primary resistance, and FH = 


eX- 


exciting current x primary reactance. 

When the secondary circuit of the 
transformer is closed, the transformer is 
on load and an additional voltage drop— 

At 50 V-A. 
non-inductive load, this drop is H J= 
(where R and X are 


the total effective resistance and react- 


the drop—takes place. 


+455 X 


ance respectively of the transformer). 
AJ is now the primary voltage and is 
equal to the vector sum of the reversed 
secondary voltage AO, the no-load drop 
OH and the load drop HJ. 

The diagram also gives the primary 
voltage OJ' for 50 V.A. inductive 
load and #,=60°. HJ and HJ' are 
subdivided to show the primary voltages 
at 10, 20, 30 and 40 V.A. 

OY and OX are now 
before by division into units equal to 


calibrated as 


~ 
J 1455 X 
/ 
“ASS R 
V, / 
/ 
/ 
> = 
8 
fe) 
J 
60° 
8 
: / 
& 
+ 
ro) to’ & 30’ 
Puase ERROR 
Fic. 12. Vector DIAGRAM FOR POTENTIAL TRANSFORMER, 


~-X OAx-01 and OA x -0175 to give the 
ratio error and phase error respectively 


of an uncompensated transformer +by 


yi 
4 


THE ENGLISH ELECTRIC JOURNAL 


the scale Y' shows 


with 


Similarly 
a transformer 


direct reading. 

the 

compensation. 
The following 


ratio error on turn 
taken from a 
6,600-volt 


potential transformer recently supplied :— 


results are 


special test on a three-phase 


Non-inductive 


BURDEN Burden of 50 V.A. 


ZERO. per phase. 
Ratio Phase Ratio Phase 
Error. Error. Error 
% Minutes. % | Minutes. 
A B + +5 + 16 +2 0 
BC + +5 + 18 — -3 2 
CA + -3 + 16 “4 2 


NOTE.—The phase error is given as positive when the 
vector of reversed secondary voltage is in advance of the 
vector of primary voltage. Thus the phase errors in 
Fig. 12 at zero burden, 59 V.A. non-inductive burden, and 
10 V.A. inductive burden are + 14, 3 and +27 minutes 
respectively. 

The number of types of potential trans- 
smaller 


former mueh 


that of 
The Company have 
the 
throughout, for 


than eurrent trans- 
formers. 


both 


adopted type 


single 


and three-phase potential 
transformers. The cores are 
built of high-grade silicon 


steel laminations, all 
joints are interleaved. The 
working flux densities are 


kept low enough to enable the 


transformers to be used on 
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the H.T. windings are assembled outside. On 
all types up to 12,000 volts inclusive, however, 


this arrangement is reversed. The primary 


resistance is thereby reduced, so that the 
vector OF in Fig. 12 becomes smaller, 


and the phase angle is improved. Up to 3,300 
volts, both air-cooled and oil-immersed poten- 
tial transformers are made; above this voltage, 
wll standard types are oil-immersed. 

The high-tension coils are wound with edge 
strips, and are of a special patented type. In 
ordinary edge strip windings, one strip is in- 
serted at each end of each layer of the coil, 
and its thickness is equal to the diameter of 
the conductor. In the construction covered 
by Patent No. 230064, the. number of 
strips used is halved, and the thickness of 


edge 
each strip doubled. Each strip now extends 
across and supports two layers of the coil, and 
is kept rigidly in position by being inserted in 
the fold of the insulation between layers. In 
34 years over 2,000 potential transformers with 
this type of coil have been put into commission 


voltages which are per 
cent. higher than the rated 
voltage, without any consider- 
able loss of aeceuracy. The 
windings are circular and 


eoneentric, and are insulated 
from each other by bakelised 
paper tubes. 

12,000 
volts the L.T. windings are 


For pressures above 


Fic, 13. 
mounted next to the core and 


11,000-VoLT O1L-IMMERSED POTENTIAL TRANSFORMER 


WITHDRAWN FROM ITS TANK, 


) 
~ — 
‘ r <q 
— = i 
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Fic. 14. 


und no ease of faulty windings has been re- 
ported. The high insulation values obtained 
the following typieal 


eoil of 38,400 turns in 


are shown by test. 


A’ standard 57 layers 
was submitted to over-potential tests in hot 
vil. An induced pressure of 27,000 volts at 
125 eveles was applied across the coil for five 
minutes, without breakdown, the pressure be- 
When 


the test pressure was raised to 80,000 volts, 


tween adjacent lavers being 950 volts. 


Hash-over took place in a radial direction across 
the face of the coil. The radial depth of this 
112 in. and the total axial length 
only 1°55 in. 


coil was 

The insulation on the end turns of poten- 
tial transformers for voltages over 1,100 is 
reinforced by increasing the size of the con- 
the the 
covering and by winding spacers between ad- 
22,000-volt 
for example, three coils adjacent to each termi- 


ductor and thickness of insulating 


jacent turns. On transformers, 


THE ENGLISH ELECTRIC JOURNAL 


nal are very heavily reinforeed, 
and the line coils are of the dise 


tvpe, consisting of five turns 
only. 
On single-phase types over 


22,000 volts, and on three-phase 
types over 20,000 volts, however, 
the windings are protected by 
choke coils mounted under oil 


on the bushings and connected 


in series between the H.'T. ter- 
minals and the transformer 
winding. These choke — coils 


have no iron core, so that their 
normal 
They 


reactance to 


reactanee at frequency 


is negligible. present, 


however, a high 


high-frequency transients caused 


by switching-in effects or line 
disturbances, and thus flatten 
out any steep wave front before 
it reaches the transformer. The 
end-turn — reinforcement — ean, 


22,000-voLT POTENTIAL TRANSFORMER, 


therefore, with safety be re- 
duced, 
Fig. 13 shows a_ standard 


11,000-volt, three-phase, oil-immersed poten- 
tial transformer 
The 
the 1.T. 


ing tubes. 


from its” tank. 
the 


eoils are outside, wound on insulat- 


withdrawn 


coils are next to core and 


H.T. fuses and bakelite phase 
barriers are mounted on the cover. On trans- 
formers for the insulators 
are mounted on the side of the tank, so that 


use in truck gear 
the overall height is considerably reduced. 

three-phase, 22,000-volt 
potential transformer withdrawn from its ease. 
On conventional high-voltage designs, com- 


Fig. 14 shows a 


paratively long cores are used, and mounted 
vertically in the case. By using the patented 
ivpe of edge strip coils and choke coil protec- 
tion, this transformer has been designed with 
a very short core, so that it can be suspended 
horizontally from the cover. The overall size, 
including terminals, of a three-phase 33,000- 
volt potential transformer of this type is only 


33 in. x 25} in. x 38 in. high. , 


= 
| 
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Magnetic High-Speed 


Circuit-Breaker, 


The development of cleetric traction has led 
to the concentration of great plant capacity in 
supply stations and substations; this, in turn, 
has directed attention to the necessity of pro- 
tecting rotary converters and other plant from 
the effeets of the frequent heavy short-cireuits 
to which traction systems are liable. The Eng- 
lish Kleetrie Company has followed every 
phase of these developments with close atten- 
tion and has taken a prominent part both in 
the improvement of Rotary Converter design 
in order to render these machines inherently 
suitable for the severes! heavy traction condi- 


tion, and also the production of devices 


capable of giving adequate protection on HL. 
direct-current systems. 


Fic. 1. ENGLIsH ELecTRIC 
HiGH-SPEED CIRCUIT-BREAKER. 


Experience has shown that the most practi- 
cal wav of limiting the disturbing effects of 
short-circuit: on such systems is to instal ap- 
paratus which will automatically interrupt the 
D.C. supply with extreme rapidity. 

The design of the “ English) Eleetrie 
Patented high-speed breaker has been worked 
out with great care and considerable experi- 
mental work, often) carried out under the 
severe conditions which «re met with in 
modern traction substations. Lois oa 
general view of a typical breaker ready for 
service, While Fig. 2 shows the main construe- 
tional features. 

To obtain in the highest degree the essential 
properties of extremely rapid) opening and 
shortest) possible duration of arcing, certain 
novel features have been introduced with most 
successful results. The chief advantages 
Claimed are as follows :— 

(1) It is closed and held in by magnetic 
force only, the magnitude of which is small 
since there is no pull-off spring to be over- 
come, 

(2) It is opened by inaenetic forces only. 

(8) Great rapidity of opening obtained by 
the elimination of springs, catches, ete. 

(4) Speed of opening increases with the 
severity of the short circuit. 

(5) Tripping value not greatly affected by 
fluctuations in line voltage. 

(6) Rupture of are effected by a specially de- 
signed magnetic field of adequate intensity 
and distribution. 

(7) Blow-out rendered effeetive by special 
devices for neutralising the influence of econ- 
dueting vapours and ionised gases. 

(8) Reliability and absence of wear by reason 
of few moving parts. 

As the moving portion is unrestrained by any 
springs, the opening forces are negligible when 
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A—Ball Bearings for E—Are Transfer Contact. J—Auxiliary Blow-out Coil, 
B—Moving Arm carrying F—Arcing Horns. K—Shunt Closing Magnet. 
C—Laminated Armature, and G—Are Chute. L—Series Opening Magnet. 
D—Contact Plate. I1—Are Dissipating Fins. 


Fic. 


the breaker is in the open position, and hence 
the force required to close it is quite small. 

A very high speed of opening has been 
achieved without the use of pull-off springs, 
catches or triggers such as are found in some 
breakers to which the term ‘‘ magnetic ’’ is 
applied. This Company’s breaker is rightly 
described as of the Magnetic Type, since the 
closing and opening movements are effected 
solely by magnetic forces. Springs, eatches 
and similar mechanical auxiliaries inevitably 
introduce additional inertia and friction, which 
tend to set a limit to the speed of opening; 
at the same time, their use calls for a larger 
closing foree, and consequently either a larger 
opening force or the use of auxiliary apparatus 
for reducing automatically the strength of the 
closing force. 


? 


Under practical operating conditions, the 
breaker exhibits the 


English Electric 
valuable characteristie that its tripping value 
is not greatly affected by a fall in line voltage, 
such as occurs frequently though transiently 
on traction systems. Consequently — the 
breaker remains closed in many cases where 
earlier types would operate unnecessarily. 


In view of the very heavy service to which 
« breaker of this kind is subjected, the 
mechanical design of all the parts has been 
made extremely robust, and it is satisfactory 
to record that breakers which have been in 
service for several years operating eight or ten 
times daily, have required little or no atten- 
tion, beyond the adjustment of the auxiliary 
contact. 
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Are YOU interested in PAINTS 


For 
MACHINE TOOLS or any kind of MACHINERY ? 


If so we commend to your notice 
“STRATHCLYDE,” 


ENAMEL FILLING 


and 


DULL STEEL-GREY PAINTS. 


They are supplied in paste form and when thinned with Strathclyde 

Special Thinnings produce on any class of rough casting, the highest 

possible finish at the least possible expenditure of time and money. 
Samples and prices on request. 


STRATHCLYDE PAINT Co.,, LD. 
DALMARNOCK, GLASGOW. 


Contractors to Home & Colonial Govts.; The Leading Railway Co.'s; Car & 
Wagon Builders, Engineers, etc. 


100% ENGLISH ELECTRIC” PLANT 
at the Clydebridge Works of David Colville & Sons LT? 


“English Electric” Plant is 
widely represented in every 
industry. The combination of 
mechanical sturdiness and high 
electrical efficiency which are 
its main characteristics are 
well demonstrated in the driv- 
ing of steel works. The whole 
of the electrical equipment in 
Messrs. David Colville’s new 
steel works has been supplied 


by :— 
The 


ENGLISH ELECTRIC 
Company Limited, 
Queen's House, Kingsway, 


London, W.C.2. 
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“English Electric” 


OUTDOOR SWITCHGEAR 


Triple-Pole, 110,000 Volt AirBreakSwitch. 4 


HE illustrations show “English Electric’ Switchgear 

for some of the largest power systems in the world. 

In the design of “English Electric’ Outdcor Gear, full 
consideration has been given to the mechanical, climatic, 
and super-tension problems involved. This Gear is suit- 
able for climates ranging from tropical to sub-arctic. 


Write for Publications Nos. 807 and 833. 


ELECTRIC 


THE ENGLISH ELECTRIC COMPANY LIMITED 
Head Office:— 


Queen’s House, Kingsway, London, W.C. 2. 


Works : BRADFORD. COVENTRY, PRESTON, RUGBY AND — STAFFORD. 
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DELIVERY 
WITHIN 
24 HOURS 


"THE most efficient and 

economical of all forms 
of power transmission can 
be delivered within 24 
hours, enabling you to 
have your machines running 
in less time than it takes 
to quote on other trans- 
Mission gear. 


RENOLD 
STANDARD 
STOCK DRIVES 


1 to 100 H.P. Chain 
Drives delivered 
from stock. 


STOCKED BY RENOLD BRANCHES 

IN LONDON, BIRMINGHAM, 

LIVERPOOL, LEEDS, BRISTOL AND 
GLASGOW, 


HANS RENOLD LTD., 
DIDSBURY, MANCHESTER. 


Send for Booklet 


TRAMCAR 


AND 


MOTOR BUS 
FITTINGS 


from Firths well-known 


“STAYBRITE” STEEL 


This Steel takes a polish 


equal to silver. 


Will not Oxidise or Tarnish. 


Withstands the action of 
Sea-water and all acids. 


Castings supplied from 
customers’ own patterns, 
or can be made to drawing 


or sample. Also Sheet, 
Tube, Wire and Rod. 


MILD STEEL CASTINGS 
A SPECIALITY 
PROMPT DELIVERY 
Cabinet, Railway and Builders’ 


Brassfounders, Tramcar, Motor Bus 
and Ships’ Fittings. 


GABRIEL 


& COMPANY 
A. B. ROW 


BIRMINGHAM 


Telephone : Telegrams : 
8177 Central (2 lines). 


** Gabriel,’ Birmingham. 
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English Electric” 
CARTRIDGE FUSES 


This type of construction readily 


lends itself to expansion. 


Units can be built up to 
accommodate any number of 
ways for either single or three- 


phase systems. 


THREE-PHASE 
E.H.T. FUSE CUBICLE 
These fuse cubicles are designed for working 
pressures of 2,200, 3,300 and 6,600 volts. 


Maximum rating 400 kVA. per phase. 


Guaranteed rupturing capacity of fuses 
75,000 kVA. at 6,600 volts. 


The fuse is mounted between isolating links 
and the doors are so interlocked that access 
to the fuse cannot be obtained until the 
isolating chamber doors have fist been 
opened and reclosed. 

This is necessary to meet the requirements 
of the Home Office Regulations and the 
whole unit has been submitted for approval 
to H.M. Electrical Inspector of Factories. 


Write for Publication No. 975 which illustrates the 


many applicaticns of these units. 


THE ENGLISH ELECTRIC 


SLATE BASE 


SHROUD REMOVED 
TO SHOW CONTACT 


DOME ENDFO 
SELF-ALIGNING 
CARTRIDGE 


REW SE 
OPERATED WITH 
TOMMY BAR” 
TO INSERT OR 
REMOVE 
CARTRIDGES 


L.T. HANDLE-TYPE 
CARTRIDGE 
SWITCH FUSE 

Range 0-700 amperes. 
Maximum Working Pressure 750 volts. 
Guaranteed Rupturing Capacity 25,000 kVA. 


Five sizes of handle are standardised to 
cover the whole working range. 


A noteworthy feature is the dome-ended 
cartridge, making the bedding of the contact 
faces independent of the exact alignment of 
the adjacent parts. 


Each unit complete with shrouds complies 
with the Home Office Regulations applicable 
to this type of apparatus. 


The whole range is illustrated in detail complete with 


drilling dimensions etc., in Publication No, 968. 


COMPANY LIMITED 


Head Office:— 


Queen’s House, Kingsway, London, W.C. 2. 


Works: BRADFORD, 


COVENTRY, 


PRESTON, 


RUGBY AND STAFFORD. 
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“English Electric” 
INDUCTION 


MOTORS 


HE Bradford Works of The 
English Electric Company is 
the largest in the country 

devoted exclusively to the manu- 
facture of Industrial Motors and 
is equipped with complete modern 
plant for all the processes. 

The designs are based on an 
exhaustive study of the best way 
of obtaining those qualities which 
are essential for satisfactory service, 
and it is claimed that the system of 
bearings, of ventilation, of windings, 
and of frame construction, embody 
the most modern knowledge and the 
best craftsmanship available. 


Registered (> Trade Mark. 


The 


ENGLISH ELECTRIC 


Company Limited 


WORKS:- BRADFORD, 2ESTON, RUGBY, STAFFORD 


Queen's Seuss, Londen. W,C.2. 
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INDEX TO 
ADVERTISERS 


Alfa-Laval Co., Ltd. 
Associated British Machine 

Tool Makers, Ltd. ion 
Attwater & Sons... om 
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English Electric 
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The Bishopsgate Press 


(STRAKER BROTHERS, Ltd.) 


Printers & Bookbinders to the Electrical Industries. 
Publishers, Lithographers and Account Book Makers. 


Telephone : 
Bishopsgate 
2444 (4 lines). 


Telegrams : 
“* Straker, 
London,”’ 


Entrance to Works in Bishopsgate. 
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New Street Works 


194-200, BISHOPSGATE, LONDON, EC.2. 
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The Prevention of 
Corrosion-Erosion. 


TUBES 


Research in our Labora- 


in tories has made it quite 
this 
trouble is due to entangle 
Copper, Brass air and gases in the cooling 
water. 
s obviate or get rid of this 
Cupro P Nickel, trouble; in the meantime 
Yorkshire" Tubes are 
for the best palliative, and 


where trouble is severe 


Power Stations. 


CUPRO-NICKEL “ yorkshire” 


CONDENSER TUBES 
(80/20, 70/30, etc.) 


AND OTHER ALLOYS. Cupro-Nickel Tubes 
BRASS CONDENSER are more economical than 
TUBES in all standard brass. 


and special mixtures in- 


cluding 70/29/1 (Admiral. Our Research Department 


has 20 years’ experience of 


ty), 70/30 and “ Bemal.” Tube problems and will 
be pleased to investigate 

COPPER TUBES up to any Tube troubles, and 

24'in. diameter. suggest the remedy. 


LEEDS, ENGLAND. 
Telephones : 20031 Telegrams : ‘ Tubes, Leeds.” 
LONDON OFFICE: 53, New Broad Street, E.C.2. 


Contractors to British and Foreign Admiralties 
and all Government Departments. 
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E. N. MASON & SONS LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


THE ARCLIGHT ELECTRIC THE ARCLIGHT CONTINUOUS 
PHOTO COPYING MACHINES & DRYING & IRONING MACHINES 


REPRESENT THE LAST WORD IN DESIGN, 
CONSTRUCTION AND ACHIEVEMENT. 


SEND FOR OUR CATALOGUE OF “PRINT ROOM EQUIPMENT.” 


ARCLIGHT WORKS, COLCHESTER, ENGLAND. 


LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE-ON.-TYNE. 
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KEEP YOUR INSULATING OIL CLEAN. 


This photograph shows a De Laval Portable 
purifier dehydrating a transformer on the contin- 
uous system at a large Pritish Power Station. 


The centrifugal method is the most efficient 
way of purifying insulating oils, and the De 
Laval purifier is the best centrifugal made. 


Throughputs from 20 gallons per hour up to 
1,200 gallons per hour. 


Special machines for Conservator Type | 
transformers can be supplied where non- 


aeration of the oil is an essential feature. 


Special processes have been introduced for | 
purifying highly carbonized switch oils, which, | 
due to the presence of colloidal carbon, cannot | 
be purified by centrifugal means alone. 


For further information apply to :— | 
ALFA-LAVAL CO. LTD., 


34, Grosvenor Road, London, S.W.1. 
Telephone: Victoria 0800 and 3618. 


Abd 
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(QUALITY HAS ALWAYS BEEN OUR FIRST OBJECTIVE. 


WE SEND OUR OWN PHOTOGRAPHERS TO 
PARTS OF THE UNITED KINGDOM 


ALL 


AND THE CONTINENT. ALB 
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HS IN BLOCKMAKING - SO IN PHOTOGRAPHY. 
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MAKERS OF BETTER BLOCKS 


5. EAST HARDING STREET, E.C.+ 
Telephone CENTRAL, 2602, 2603 & 2646 


All the Blocks used 
in the editorial section 
of this Journal were made by 
ALFRED CRASKE, LTD, 
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COVENTRY \ ORDNANCE High Speed 
\ Tools. 


: Twist Drills. 

: Milling Cutters. 

: Reamers. 

: Broaches. 

: Taps & Dies. 

: Boring Bars. : 
: New Simplex Pneu- : 
: matic Riveting : 
: Hammers & Drilling : 
: Machines. 


Manu facturers: 
The 


ENGLISH ELECTRIC 


Company Limited. 


ORDNANCE WORKS,COVENTRY 


Mica, Leatheroid, Vulcanized Fibre 


EMPIRE CLOTH AND TAPE 


Bakelite Sheets, Tubes, Spools, etc. 


for Oil-immersed Apparatus and Transformers. 


BAKELITE RESIN, VARNISH & MOULDING POWDER. 
EBONITE for evecrricat MANUFACTURERS 


ATTWATER SONS, 


Established 1868. 


PRESTON, ENGLAND. 


Contractors to the British, American, French and Italian War Offices and Admiralties. 
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Are YOU interested in PAINTS 


For 
MACHINE TOOLS or any kind of MACHINERY ? 


If so we commend to your notice 
“STRATHCLYDE,” 


ENAMEL FILLING 


and 


DULL STEEL-GREY PAINTS. 


They are supplied in paste form and when thinned with Strathclyde 

Special Thinnings produce on any class of rough casting, the highest 

possible finish at the least possible expenditure of time and money. 
Samples and prices on request. 


STRATHCLYDE PAINT LD., 
DALMARNOCK, GLASGOW. 


Contractors to Home & Colonial Govts.; The Leading Railway Co.s; Car & 
Wagon Builders, Engineers, etc. 


ENCLOSED CIRCUIT AIR COOLERS 


For the Safe Ventilation of Turbo-Alternators 


dry air is assured by means of this system of 


ashi. A plentiful and continuous supply of cool, clean, 


ventilation. All dirt and free moisture are 
excluded and risk of fire reduced to a minimum. 
Moreover, these Coolers are simple to operate, 
reliable in action, inexpensive and suitable for 
working in conjunction with any make of 
alternator on the market. 

The following is a Small Selection of Names of Purchasers :— 
Aberdeen Corporation L.M. & S. Rly. (Formby) New Shariston 


“ Auckland Power Stn. Fulham Gas Light & Collieries 
Adelaide T 
¥ elaide Tramways eneral Electric Co. ugh 
Anglo Persian Oil Co. Hengelo Power Stn. 
4 Brush Electric Co. (Holland) Fowell Duffryn 8.C. Co 
Brown Boveri & Co. (L.N.E. Rly.) Imming- Bresten Ger 
Barnsley Corporation ham (Ribble 
| Betteshanger Colliery Leicester Corporation Station) 
+ Charing Cross Co. London Electric Supply South W: P 
as Cawnpore Power Lancashire Dynamo & uth Wales Power 
‘Ek Station Motor Co. Station 
Consett Iron & Steel London Power Co. Stockport Corporation 
Co. (Willesd’n) Utrecht Power Station 
Capetown Sub. Riys. Marylebone Corpora- Woolwich Corporation 
_ English Electric Co. tion. Worcester Corporation 
Exeter Corporation Metropolitan-Vickers York Corporation 
ras Eastern Bengal Rlys. Electrical Co. Etc., Etc. 


PLEASE SEND FOR OUR LITERATURE. 


Heenan & Froude Lid—Worcester—England 
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FOR EFFICIENCY 


NO it on 
[22 [B) --DELIVERY FROM STOCK 


No, 2 BROACHING MACHINE 
Full Prospectus of this all-round tool, on demand. 


ABMITM BROACHIN 


17, GROSVENOR GDNS., 
LONDON, S.W.1. 


MACHINES 


We can also give delivery of a wide range of 


CAPSTAN AND TURRET LATHES 


FROM 


STOCK 


H.W.WARD & C» 
Selly Oak ; Birmingham. 
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e When Better Machine Tools are built, A.B.M.T.M. will be the Builders. 
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HE new LK range of “English 
Electric” Motors has been designed 
to obtain the best out of the squirrel- 


cage principle. Some of the special 
features are : 


Smooth Acceleration with high starting 
torque and small current rush both on full- 
volt and star-delta starting. 


Efficiency and Power Factor graded to give 
best overall results at the average load 
carried. 


Short bearing centres and very stiff shaft. 


Improved windings giving great reliability. 


Excellent ventilation combined with good 
mechanical protection. 


The 


ENGLISH ELECTRIC 


C ompany Limited. 


WORKS:- BRADFORD, COVENTRY, PRESTON, RUGBY, STAFFORD. 
HEAD OFFICE:- 


Queen’s House, Kingsway, London, W. C.2. 
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OVERHEAD 


TRANSMISSION LINES 


66,000-volt, 3-phase Overhead Transmission Line, with auxiliary pilot cable suspended from earth wire. 


POWER TRANSMISSION LINES 


for all voltages. 


TELEPHONE & TELEGRAPH LINES 


SIEMENS BROTHERS & 6€0., LTD., 
WOOLWICH, LONDON, S.E.18. 
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